T ype 1 diabetes registries across the country and throughout the world have demonstrated that the incidence of the disease varies greatly. From 1990 to 1994, a Ͼ350-fold variation in incidence has been reported among 100 populations worldwide (1) . There is also marked variability in the incidence of type 1 diabetes among racial and ethnic groups residing in the same area (2) (3) (4) . These differences in diabetes incidence provide a basis to investigate the genetic and environmental risk factors for the development of type 1 diabetes. The Philadelphia registry is unique in that it includes data from large populations of white, black, and Hispanic children of Puerto Rican origin. Philadelphia has a population of 320,061 children aged 0 -14 years (5); 50% of the children are black, and 10% are Hispanic. The epidemiology of type 1 diabetes in children in Philadelphia has been reported for the years 1985-1989 (2) and 1990 -1994 (6) ; those data demonstrated that the highest incidence by racial group was in the Hispanic children (15.2 and 15.5, respectively). A similarly high incidence in this population was also reported in the registries from Puerto Rico (7) and Chicago (3) . The data from the 1990 -1994 cohort demonstrated an epidemic of type 1 diabetes 2 years after a measles epidemic in Philadelphia and a rising incidence in black children (6) .
The incidence of type 1 diabetes in children has been increasing in Europe (8 -10) . There has also been a rising incidence in the U.S., particularly evident in black children (3, 4) . The Philadelphia registry includes all children newly diagnosed since 1985, allowing for the examination of trends over time. The purpose of this study was to determine the epidemiology of type 1 diabetes in children in Philadelphia from 1995 to 1999 and compare these data with the previous 1985-1 9 8 9 a n d 1 9 9 0 -1 9 9 5 c o h o r t s , particularly regarding racial differences and the increasing incidence in black children.
RESEARCH DESIGN AND
METHODS -All Philadelphia hospitals that admit children were identified, and permission to review records was obtained. The charts of all children diagnosed with type 1 diabetes between 1 January 1995 and 31 December 1999 were reviewed using the World Health Organization (WHO) registry criteria. Applying the criteria from the WHO multinational study and the abstraction of
standard registry data allows for worldwide registry comparison (11) .
Data were collected for age at diagnosis, sex, race, and admitting institution. Hispanic case subjects were identified by a Hispanic surname as documented by the U.S. Census Bureau (5). The country of origin of the Hispanic case subjects was ascertained from the children's medical records or health care providers.
A secondary source of ascertainment was necessary to capture Philadelphia children with type 1 diabetes who were admitted to hospitals outside of Philadelphia or who were not admitted to the hospital at diagnosis. The standard of care in Philadelphia, however, remains admitting all children with newly diagnosed type 1 diabetes. Ascertainment of the completeness of the hospital registry was determined through a survey of nurses from the school district of Philadelphia who staff all public, private, and parochial schools. Surveys inquiring about students with diabetes were mailed to nurses of all 628 schools and were completed by nurses at 510 schools (81%), representing 252,896 children. Completeness of ascertainment was calculated through the capture-recapture method (12) .
Age-adjusted incidence rates were calculated for the sample in general and for each subgroup (age, sex, and race) using 1990 Philadelphia census data. Age adjustment for the rates was done in 5-year intervals (0 -4, 5-9, and 10 -14 years) using the direct method with the 1990 U.S. population as the standard population. The 1990 census and population data were used since the 1995-1 9 9 9 i n t e r c e n s a l e s t i m a t e s f o r Philadelphia estimated an increasing population across the ages and races, while the results of the 2000 census showed that the population had actually been decreasing from 1990 to 2000. Using Poisson distribution, 95% CIs were computed and determined to be significant if the CIs did not overlap. The relationship between variables was analyzed using the 2 statistic. Incidence rates by year and cohort for each race were also analyzed over the entire period of 1985-1999. Time series methods were used to test for seasonality, linear trends, or spikes in these incidence rates. In addition, Poisson regression was used to test for differences between the races.
RESULTS -The hospital review identified 234 cases with newly diagnosed type 1 diabetes in Philadelphia in children 0 -14 years of age from 1995 to 1999 from six hospitals in Philadelphia. White children accounted for 37%, black children 50%, and Hispanic children 9%; 59% were male. The distribution by agegroup was similar to that of the previous data. The highest percentage of cases was in the 10-to 14-year age-group (45%), followed by 5-9 years (37%) and 0 -4 years (18%), with a mean age of onset of 8.9 years. School records identified a total of 492 children diagnosed from 1989 to 2002. Because of missing data in schools related to registry variables, only 53 case subjects diagnosed from 1995 to 1999 were used for this analysis. Of the 53 eligible school children with diabetes, 50 were also identified in the hospital registry. The total number of estimated case subjects with the capture-recapture method was 245 (12) . The ascertainment rate was calculated for the hospital registry (94%), the secondary source (22%), and the combined registry of primary and secondary sources (96%).
The overall incidence rate was 14.6 per 100,000/year, and the age-adjusted incidence was 14.8 per 100,000/year. This incidence is higher than that reported in 1985-1989 (13.3) and 1990 -1994 (13.1) (2,6). The ascertainmentcorrected incidence rate was 15.3 per 100,000/year. The incidence in males and females was very similar in the previous cohorts (2, 6) . These data demonstrate a markedly higher incidence in males overall (15.7 vs. 10.7). The difference was evident in Hispanic and white children. The incidence by sex was equal in the black population. The overall incidence by agegroup was 7.4, 16.7, and 20.7 per 100,000/year, respectively. The incidence over the 5 years of the study demonstrated a peak in 1996 (18.7) and the lowest rate in 1997 (11.6). The 1996 peak and 1997 nadir were evident in all races.
The racial data were analyzed across the three cohorts. The incidence of type 1 diabetes in Hispanic children in Philadelphia has been very stable (15.2, 15.5, and 15.5 per 100,000/year) and remains the highest of any racial group aged 0 -14 years in the U.S. The incidence in white children has also remained stable (13.3, 13.0, and 12.8). There has been a steady rise in the incidence in black children (11, 12.8, and 15.2) , an increase of 38%. Now, for the first time in Philadelphia, the incidence in black children has surpassed the incidence in white children (Fig. 1) .
We examined the yearly racial incidence rates for the entire 1985-1999 period. Race itself was not significant in the Poisson regression model. No significant seasonal effects (all P Ͼ 0.1) or linear trends over time (white, P ϭ 0.84; black, P ϭ 0.07; Hispanic, P ϭ 0.41) were found using time series methods. There was a spike in the incidence for Hispanic children in 1993, as found previously (2) (Fig. 2) . However, these nonsignificant results could be due to the high year-toyear variability. While the year-to-year changes in incidence rates in black children were not quite statistically significant (at ␣ ϭ 0.05), there was a rise in the majority of incidence rates from one year to the next. When the three cohort incidence rates were compared for each race, there was a significant increasing linear trend (P ϭ 0.03) in black children but not in white or Hispanic children, thereby indicating an increasing incidence rate of type 1 diabetes in black children over time. The incidence rate in black children increased by 16 -19% from one cohort to the next.
If age is considered in addition to race, different racial groups act significantly different according to age-group (P ϭ 0.001) ( Table 1) . Analysis of the rise in incidence in black children by agegroup demonstrates an increase in the 0-to 4-year age-group (5.0) and the highest rates ever reported in black children in the 5-to 9-year age-group (14.9) and the 10-to 14-year age-group (26.9) (Fig. 3) .
The incidence in black children rises dramatically with age. The rate in children 10 -14 years of age is significantly higher than in children 5-9 years of age (P ϭ 0.002), which is significantly higher than children 0 -4 years of age (P Ͻ 0.001). In white children, the peak incidence was in children 5-9 years of age, while the peak in black and Hispanic children was at 10 -14 years of age. When comparing white with black children with diabetes, the risk of type 1 diabetes is 1.9 times greater in white children in the 0-to 4-year age-group (P ϭ 0.043). The risk is significantly higher in black children in the 10-to 14-year age-group, 2.4 times that of white children (P Ͻ 0.001).
When race is combined with sex, the effect is significant (P ϭ 0.002). In 1995-1999, the incidence was equal in black males and females. In white and Hispanic children, and in the total cohort, the incidence was higher in males (15.7 vs. 10.7 in the total population). In our previous data, the incidence in males and females was relatively equal (2,6).
CONCLUSIONS -In 1990
, when the data from the first type 1 diabetes registry cohort in Philadelphia were collected, there were 155 registries in 70 countries. Of those registries, 12 were in the U.S. Currently, Philadelphia is one of only four U.S. ongoing population-based registries, and the data from Philadelphia remain integral in the identification of racial differences and temporal trends. The incidence of type 1 diabetes in children in Philadelphia was stable between the first and second cohorts but has increased from 1990 -1994 to 1995-1999. The incidence in Hispanic children, who in Philadelphia are almost exclusively of Puerto Rican origin, remain the highest of any racial group of children 0 -14 years of age in the U.S. Other registries have demonstrated a high incidence in Puerto Rican children (3, 7) . The etiology of this high incidence remains unclear, and the genetic and environmental factors need further exploration. The incidence of type 1 diabetes in Hispanic children of Puerto Rican origin is high both in Puerto Rico and in the U.S., unlike reports of other populations demonstrating significant changes in incidence rates after migration (13) . The rising incidence in Philadelphia is a reflection of the markedly increased incidence in black children evident in all age-groups. The incidence in black children has increased significantly with each cohort in the Philadelphia registry. Type 1 diabetes continues to be relatively rare in black children 0 -4 years of age. White children 0 -4 years of age are two times more likely to develop type 1 diabetes than black children. Some racial differences exist in the genetics of diabetes in children (14) . Protective genes or environmental factors may be operating in very young black children.
The incidence of type 1 diabetes in black children 5-9 and 10 -14 years of age is very high. The incidence in children 5-9 years of age has risen 64% over the three cohorts, from 9.1 to 12.0 per 100,000/year (6) to the current rate of 14.9 per 100,000/year. This is the highest incidence ever reported in black children in this age-group and is 1.6 times the rate we reported in the 1985-1989 cohort (2). The incidence of black children in the 10-to 14-year age-group has increased 37%, from 19.7 per 100,000/year in 1985-1989 to 26.9 per 100,000/year in the present data and is similar to the incidence of 23.6 per 100,000/year in black children 10 -14 years of age in Allegheny County in 1990 -1994 (4). It is possible that diabetes in this age-group represents a range of typologies.
The incidence of type 1 diabetes reported by several registries from 1975 to 1984 was much lower in black children (15, 16) . The incidence in black children has now surpassed the incidence in white children in Philadelphia. The Allegheny County registry reported a higher incidence in black than white children because of a sharp rise in type 1 diabetes in black children 15-19 years of age from 1990 to 1994 (4). The Philadelphia registry does not include children older than 14 years; therefore, these are the first data demonstrating a higher incidence in black children based on a registry of children 0 -14 years of age. The rise of type 1 diabetes in black children in Philadelphia was striking in both the 5-to 9-year and 10-to 14-year age-groups. Is this a true rise in type 1 diabetes or misclassification of type 2 diabetes? Type 2 diabetes in children is increasing and is more prevalent in black children (17) .
There are methodological issues that could confound the data reporting the increase of type 1 diabetes in black children. WHO diabetes registry criteria requires "type of diabetes" be based on discharge diagnosis. It is possible that some of the cases are misclassified, since children who require insulin on discharge may have been identified as having type 1 diabetes in error. Some suggest that data related to diabetes antibodies and BMI should be collected to verify the type of diabetes. However, we and others have demonstrated that the characterization of diabetes in children is complex (18) and, particularly in black children, may have features of both type 1 and type 2 diabetes and that evidence of obesity does not confirm the diagnosis (19, 20) .
Potential under-representation of minority populations by census data can falsely elevate incidence rates (3). This is an unlikely explanation for this epidemic. Census data from 1990 were used for the 1990 -1994 cohort and the present cohort. Type 1 diabetes in Philadelphia has increased dramatically over that 10-year period, yet intercensal estimates indicate population changes have been similar for all races. Only an enormous undercount would account for the rise in incidence in black children.
Although some of our cases in Philadelphia may have been misclassified, it is likely that this cohort represents a true rise in the incidence of type 1 diabetes in black children because of the age and sex distribution. The incidence of type 1 diabetes in black children 5-9 years of age is the highest incidence ever reported in black children in this age-group. Type 2 diabetes is not prevalent in children 5-9 years of age, and the high incidence most likely represents actual cases of type 1 diabetes in black children. The sex breakdown in the Philadelphia registry also supports the diagnosis of type 1 diabetes.
The risk of type 1 diabetes in males was 1.5 times greater than in females. Allegheny County also demonstrated a higher incidence in males (4). The previous Philadelphia cohorts showed the incidence in males to be similar to the incidence in females, unlike type 2 diabetes, which is more prevalent in females (17) .
The rise of type 1 diabetes in black children is a tremendous public health problem. Racial disparities exist in the treatment and outcomes of children with type 1 diabetes. It has been shown that black children with type 1 diabetes have poorer metabolic control (21) (22) (23) (24) . A ninefold increased risk of death was demonstrated for young African Americans with diabetes in Chicago, compared with non-Hispanic white patients with type 1 diabetes over an 8-year period (25) . After 20 years of diabetes, the mortality rate was significantly higher in blacks than whites in Allegheny County (26) .
With the rising incidence of type 1 diabetes in the black population, it is crucial that we develop culturally relevant interventions to minimize racial disparities in treatment and outcomes. We are currently expanding our research to identify goals and priorities of our patients/ families with diabetes with the purpose of informing clinicians of some of the differences between white and black families to get a better sense of how to most effectively serve these families (24) .
The epidemiology of type 1 diabetes is known for ϳ1% of the world's children. Greater efforts in diabetes epidemiology, directed by ongoing population-based registries, are needed to clarify the causes of epidemics and temporal trends in populations across the world. These data underscore the need to establish type 1 diabetes as a reportable disease, so that genetic and environmental risk factors may be thoroughly investigated and defined.
